Oncostatin M (OSM) is a 28-kDa glycoprotein, produced by stimulated macrophages and T lymphocytes, that inhibits the proliferation and induces differentiation of a number of different cell lines derived from solid tumors. To determine whether keratoacanthoma (KA) is unique or a variant of squamous cell carcinoma (SCC), we compared the immunohistochemical expression of OSM in the tumor cells and peri-and intratumoral macrophages of 21 mature KAs, 7 regressing KAs, and 27 SCCs. An inverse correlation was identified between OSM tumor labeling and the density of OSM-labeled tumor-associated macrophages for KAs (r ‫؍‬ ؊.4; P ‫؍‬ .09). OSM tumor expression was significantly more frequent and more intense in KAs than in SCCs (95% versus 63%; P < .01). In contrast, the density of OSM-labeled macrophages was significantly higher in SCCs compared with mature KAs (7/3 high power fields versus 4/3 high power fields; P ‫؍‬ .02). These OSM-positive macrophages were predominantly located at the advancing, infiltrative margins of both neoplasms. Regressing KAs demonstrated a decreased level of OSM tumor expression compared with mature KAs (53% versus 95%; P ‫؍‬ .001), but there was no difference in density of OSMlabeled macrophages. Both the above differences and the overlapping patterns of OSM expression suggest that KAs are a variant of SCC where OSM, possibly as an autocrine factor, may mediate KA's overwhelming but not absolute tendency to involute.
Oncostatin M (OSM), produced by activated T lymphocytes and macrophages, initially was described in 1986 as a growth regulatory cytokine with an inhibitory activity on various solid tumor cell lines and a growth-stimulating effect on normal fibroblasts (1, 2) . OSM belongs to the interleukin-6 family, which includes interleukin-6, interleukin-11, ciliary neurotrophic factor, cardiotrophin-1, and leukemia inhibitory factor (3) (4) (5) (6) . Recently, OSM has been demonstrated to have a bifunctional activity: an antiproliferative effect on a variety of solid tumor cell lines, such as breast cancer (7, 8) , melanoma (9), meningioma (10) , and lung carcinoma (11) , and a proliferative effect on cells from acquired immunodeficiency syndrome (AIDS)-related Kaposi's sarcoma (12, 13) and multiple myeloma (14, 15) . The biologic effects of OSM in the pathogenesis of cutaneous epithelial tumors have not been explored.
Although first described more than 100 years ago by Hutchinson as a "crateriform ulcer of the face" (16) , keratoacanthoma (KA) was actually popularized by Rook and Whimster in 1950 (17) . The authors considered KA as a distinct and benign skin tumor characterized by a rapid growth phase followed invariably by self-involution within 4 to 6 mo. Although originally believed to be a benign lesion, rare cases of KA with aggressive behavior similar to squamous cell carcinoma (SCC) have been reported (18 -25) . Despite extensive literature concerning the relationship between KA and SCC, the issue of whether KA represents a unique entity or a variant of SCC has remained controversial (18, 26 -31) . In this study, we compared expression of OSM in mature and regressing KAs with conventional SCCs of the skin to determine whether KAs exhibit similarities or distinct differences that could explain KA's tendency to involute (regress).
Center Hospital from a 3-mo period in 1998. All hematoxylin and eosin slides in each case were reviewed by two independent observers (TAT and JAC) using accepted histopathologic criteria for KA and SCC (1, 2) to confirm the original histologic diagnosis. Specifically, (mature) KAs had to exhibit the following constellation of features: symmetric, well-defined cup-shaped contour, undermining of normal epidermis adjacent to a central orifice, glassy (pale staining) cytoplasm of central keratinocytes, atypia of peripheral keratinocytes, orthokeratotic cornified cells outnumbering parakeratotic ones, and horn microabscesses. Regressing KAs had to exhibit all of the following characteristics: roughly symmetric, cup-shaped neoplasm of atypical keratinocytes that undermine the epidermis adjacent to a central orifice, a central crater containing orthokeratotic cornified cells outnumbering parakeratotic ones, and a peripheral fibrotic stroma. SCCs could not have the previous two groupings of histologic characteristics. All of the original diagnoses were confirmed. Among the 21 mature KAs, 2 exhibited focal areas of regression. All SCCs were well-differentiated (20 cases) to moderately differentiated (7 cases), with 6 cases showing foci of large, glassy keratinocytes and 2 cases exhibiting focal acantholytic and adenoid differentiation (Fig. 1) .
Formalin-fixed, paraffin-embedded 5--thick sections from a representative block in each case were subjected to a mouse monoclonal antihuman antibody against OSM (1:10 dilution, clone 17001.31; Sigma, St. Louis, MO). Immunohistochemical staining was performed using the Ventana ES automated 3,3Ј-diaminobenzidine immunohistochemical system (Ventana Medical Systems, Tucson, AZ) with some modifications. The tissue was pretreated with enzyme digestion (Protease 1; Ventana) for 4 min and subsequently incubated for 32 min at 41°C. To confirm the specificity of the primary antibodies, negative control slides were run with every batch using a mouse IgG2a isotype match (Sigma) at the same concentration as that of the primary antibodies.
Oncostatin immunoreactivity was limited to the cytoplasm. The extent of OSM immunopositivity in the tumor was graded as follows: 0, lesion completely negative or displayed only a weak staining; 1, tumors showed a distinct moderate to strong cytoplasmic immunoreactivity. On scanning magnification, an obvious difference in the distribution of OSM-labeled macrophages was noted between KAs and SCCs. Specifically, KAs typically exhibited a scattered distribution of macrophages, and SCCs exhibited a clustered distribution in the peritumoral stroma. Therefore, to assess more rigorously the differences in OSM-labeled macrophages, we used the quantitative "hot spot" method previously described for evaluation of proliferative markers in KAs and SCCs (32, 33) . Specifically, under lowpower magnification (ϫ100), the entire tissue sec-FIGURE 1. The diagnosis of keratoacanthoma is based on a constellation of histologic features, not on any one specific histologic characteristic. A constellation of histologic features, particularly in the clinical context of rapid growth and crateriform morphology, is diagnostic of keratoacanthoma. A, keratoacanthoma: symmetric, welldefined cup-shaped contour, undermining of normal epidermis adjacent to a central orifice, glassy (pale staining) cytoplasm of central keratinocytes, atypia of peripheral keratinocytes, orthokeratotic cornified cells outnumbering parakeratotic ones, and horn microabscesses. B, regressing keratoacanthoma: roughly symmetric, cup-shaped neoplasm of atypical keratinocytes that undermine the epidermis adjacent to a central orifice, a central crater containing orthokeratotic cornified cells outnumbering parakeratotic ones, and a peripheral fibrotic stroma. C, conventional squamous cell carcinoma arising from a solar (actinic) keratosis: infiltrating cords and angulate nests of atypical keratinocytes infiltrating the dermis without all of the aforementioned features of keratoacanthomas.
tions were examined and the area of highest density of OSM-positive macrophages around or within the tumor was noted (hot spot area). The hot spot area was subsequently scrutinized under high power (ϫ400), and the number of OSM-positive macrophages within 3 high-power fields was determined.
Statistical comparisons were carried out with the STATA software (College Station, TX) using the 2 test for dichotomous variables, the t test for continuous variables, and analysis of pairwise covariance for relationships between variables. The criterion for significance was P Ͻ .05.
RESULTS
Most KAs showed tumor cell cytoplasmic OSM immunoreactivity, whereas a significantly lesser proportion of SCCs did (Table 1 ). In contrast to the relatively moderate staining intensity of the tumor cells to OSM, the intra-and perilesional macrophages featured a dark, intense cytoplasmic staining. By scanning magnification, most KAs (71%) had a sparse, scattered infiltrate of OSM-labeled macrophages, whereas most SCCs (70%) had dense clusters of OSM-positive macrophages (P ϭ .004). These OSM-positive macrophages typically were located in the surrounding stroma at the advancing, infiltrative borders of the tumors (Fig. 2 ). An inverse correlation was identified between neoplastic keratinocyte labeling and the presence of increasing numbers of tumor-associated OSM-labeled macrophages for KAs (r ϭ Ϫ.4; P ϭ .09, analysis of pairwise covariance). However, this trend was not found for either SCCs (r ϭ .02; P ϭ .9) or regressing KAs (r ϭ .4; P ϭ .4). In addition, the adjacent epidermis, in some cases, showed faint keratinocyte immunoreactivity that was much less intense than the KAs and SCCs that were graded as positive. The epithelium in the normal tonsillar controls did not label with OSM.
Histologically, regressing KAs were characterized by a shallow crateriform proliferation of squamous epithelium with a central keratin plug, flattened peripheries, and associated inflammatory and fibrotic changes in the surrounding dermis. In contrast to mature KAs, approximately half of regressing KAs showed immunoreactivity to OSM. However, the number of OSM-labeled macrophages in regressing KAs was similar to that of mature KAs and significantly lower than SCCs.
DISCUSSION
The histopathologic features of KA have been extensively studied and well-described. A constellation of morphologic features are diagnostic of KAs and consist of the following: symmetric, welldefined cup-shaped contour, undermining of normal epidermis adjacent to a central orifice, glassy (pale staining) cytoplasm of central keratinocytes, atypia of peripheral keratinocytes, orthokeratotic cornified cells outnumbering parakeratotic ones, and horn microabscesses (1, 2) . However, none of these individual histologic characteristics is pathognomonic for KA as each, individually, can be found in some cases of SCC. Given the rapid growth and self-involuting tendency of KA, examining for factors involved, such as a growth regulatory cytokine like OSM, likely would represent a promising technique to distinguish KAs from conventional SCCs.
The mechanisms involved in the involution of KA have not been completely elucidated. The frequent presence of inflammatory cell infiltrates associated with KAs suggests a role for an immunologic host response in confining local growth, preventing distant metastasis, and inducing regression. Supporting this supposition are numerous studies demonstrating an increase of activated intratumoral CD4-positive T cells (34, 35) , fewer numbers of eosinophils (36) , and increased Langerhans' cells (37) in KA compared with SCC, and a high incidence of KAs in patients who experience immunosuppression (20, 38, 39) . In addition, KAs can exhibit expression of human leukocyte antigen DR (40) . Despite these findings in support of immunologically mediated regression, nonimmunologic mechanisms have been postulated (41) and by chromosomal analysis, KAs seem to be distinct from SCCs de novo (42) . Nonetheless, the potential role of tissue macrophages participating in the immune host response to these cutaneous neoplasms has not been extensively studied (43) .
Increased numbers of Langerhans' cells (44, 45) can be identified at the infiltrative margins of squamous neoplasms and are suspected to be "related to the invasive process which is localized to focal areas at the periphery of infiltrating tumors" (46) . The highest density of OSM-labeled macrophages in this study was observed at the infiltrating margins of both KAs and SCCs. SCCs exhibited significantly higher mean levels of these macrophages than did KAs. This host OSM-positive macrophage response could be related to tumor aggressiveness similar to that reported for malignant melanomas (47) . In support of this theory, we found an inverse correlation between the OSM-labeled tumor cells and tumor-associated OSM-labeled macrophages for KAs. This inverse pattern of OSM expression likely reflects the reported differences between largely clinically benign KAs (OSM-positive and low levels of OSM macrophages) and potentially clinically aggressive SCCs (OSM-negative with high levels of OSM macrophages). This indirect relationship may represent a negative feedback mechanism between the tumor cells and the surrounding infiltrative macrophages. OSM-labeled tumor cells could illicit a negative signal to the secreting macrophages, resulting in reduction of OSM synthesis and the smaller number of OSM-labeled macrophages identified in this study.
Both KAs and, to a lesser extent, SCCs expressed OSM. This finding may be attributable to endogenous synthesis of OSM by the tumor cells-an autocrine effect-or represent a bound form of OSM (OSM and receptor)-a paracrine effect. Although OSM is predominantly produced by activated T lymphocytes and macrophages, the possibility that these squamous neoplasms produce OSM is supported by reports of OSM synthesis in meningiomas (10), AIDS-related Kaposi's sarcoma (12, 13) , and the epidermis overlying AIDS-related Kaposi's sarcoma (13) . Nonetheless, the relatively weaker immunointensity of tumor cells compared with that of macrophages does not discount a paracrine phenomenon of nontumoral OSM bound to its receptor(s). OSM mediates its effects via two distinct receptor complexes (48): type 1 OSM receptor, which is also shared with the leukemia inhibitory factor (49), and type 2 OSM receptor, which is specific for OSM (5) . Both types of OSM receptors have been described in malignant and benign mammary cell lines. Downregulation of OSM-specific receptors (type 2) in breast cancer cells compared with benign mammary cells (5) and upregulation of OSM-specific receptors of some breast cancer cell lines both have been reported to be responsible for OSM's antiproliferative function (7) . Therefore, it is conceivable that downregulation of OSM-specific receptors in SCC or upregulation of these receptors in KA may result in the differences between these two neoplasms with respect to both OSM immunoreactivity and clinical behavior.
OSM can induce differentiation in breast cancer (7) and leukemic cells (50) . The significantly lower prevalence of OSM labeling in regressed KAs compared with mature KAs may reflect this cytokine function and the presence of mature (fully differentiated) keratinocytes in regressed KAs. Most studies of the squamous immunophenotype of KAs demonstrate a higher degree of differentiation in KAs compared with SCCs (51) (52) (53) (54) (55) (56) . Moreover, the presence of a fibrotic reaction at the interface of regressing KA and the surrounding stroma may be a reflection of the ability of OSM to affect fibroblasts (6, 9, 57) .
The overlap of OSM expression for both tumor labeling and associated macrophages indicates that OSM is not a specific marker that is useful for distinction of KAs from conventional SCCs. However, the significant differences of higher frequency of OSM tumor labeling and lower mean levels of OSM-labeled macrophages identified in KAs suggest that OSM plays a role in the evolution of keratoacanthomas, possibly as an autocrine factor that decreases proliferation and induces differentiation resulting in KA's reported overwhelming tendency to involute.
